Introduction
Di(benzotriazol-1-yl)methanimine 1 is useful for the preparation of carboximidamides 2, guanidines 3, 1 triazoles 5, 2 and triazinones and triazinthiones 6 3 (Scheme 1). We now extend the reported preparation of 2-amino-5-phenyl-1,3,4-oxadiazole 17a from imine 1 and benzenecarbohydrazide 2 to other hydrazides, thus providing a general route to 2-amino-5-aryl-1,3,4-oxadiazoles 17a-j. These compounds, which are antidiabetic, 4 antiarthritic and antiinflammatory, 5 were previously prepared in high yield from arylhydrazides but this required toxic cyanogen bromide. [6] [7] [8] [9] [10] We also report the use of 1 for the preparation of novel triazoles 
Results and Discussion
By analogy to reactions with amines (Scheme 1), reactions of 1 with hydrazines are expected to give compounds of types 7, 9 and 12. However, after reaction of imine 1 with hydrazine hydrate in THF at 20 o C, we detected only carbohydrazonamide 8'a (isolated yield 41%).
Methylhydrazine (from 0.5 to 1.0 equivalent), under similar conditions, formed triazole 11a (isolated yield 57%) probably because intermediate 10a cannot tautomerize to give a product with a conjugated structure, and instead eliminates benzotriazole to form the aromatic triazole 11a. Reactions of imine 1 with 4-methoxyphenylhydrazine in THF at rt for 18 h led to triazole 15a in 86% yield. Analogous reactions of phenylhydrazine, 4-methylphenylhydrazine and 4-bromophenylhydrazine gave mainly products of simple substitution 12b-d, while triazoles 15b-d were detected as minor products. Compound 12b was isolated and purified (yield 85%). However, treatment with t-BuOK (rt, 18 h, 1 eq.) converts intermediates 12b-d quantitatively into triazoles 15b-d (isolated yields 80−85%). The formation of unexpected compounds 15a-d (Scheme 2) suggests condensation of intermediates 12a-d into compounds 13a-d followed by evolution of ammonia to give triazoles 14a-d. Spontaneous oxidation of hydrazo derivatives 14a-d with atmospheric oxygen afforded deep orange to red colored azo derivatives 15a-d. The ready formation and strong color of these compounds is explained by their highly conjugated planar structure, as confirmed by X-ray analysis for compound 15b. Figure 1 shows a perspective view of the crystal structure of 15b, which has bond lengths and angles similar to those previously reported for a closely related structure. 11 Overall, the molecule is close to planar, with the triazole ring meanplane subtending angles of 10.4, 8.2 and 29.7 o to the planes of the benzotriazole, phenylazo and phenyl substituents, respectively. As is often the case with planar aromatic compounds, the molecules pack in a herringbone fashion. Spontaneous oxidation of a hydrazo substituent to form a triazole ring was described by Fromm in his preparation of 1-phenyl-5-[(E)-2-phenyldiazenyl]-1,2-dihydro-3H-1,2,4-triazole-3-thione. 12 Azotriazoles similar to compounds 15a-d have been described as dyes. We also investigated reactions of imine 1 with acyl hydrazides. Similar to methyl hydrazine, acetyl hydrazide readily reacts with imine 1 to give triazole 11b in 42% yield (Scheme 2). In contrast, aryl hydrazides gave oxadiazoles 17a-j in 82−97% yields, independent of the nature of the aryl group (Scheme 2, Table 1 ). In order to unambiguously confirm the structures of these compounds, an X-ray determination was carried out for compound 17a. Figure 2 shows a perspective view of the molecule, which has the phenyl ring inclined to the plane of the oxadiazole ring at an angle of 12.6 o . The geometry of the oxadiazole ring is similar to that previously observed in other 2-amino-1,3,4-oxadiazoles. 14 The molecules pack in infinite sheets governed by intermolecular hydrogen bonds between each of the amino group hydrogens and oxadiazole nitrogens of adjacent molecules. 
Experimental Section
General Procedures. Melting points were determined using a capillary melting point apparatus equipped with a digital thermometer and are uncorrected. 1 H and 13 C NMR spectra were recorded on a 300 MHz NMR spectrometer (300 and 75 MHz respectively) using CDCl 3 or DMSO-d 6 as solvents with tetramethylsilane as an internal standard. Tetrahydrofuran (THF) was distilled under nitrogen from sodium/benzophenone immediately before use. Column chromatography was conducted with silica gel grade 230-400 mesh. All other reagents were of reagent grade and were used without purification. 
Ethyl2-[(Z)-amino(1H-1,2,3-benzotriazol-1-yl)methylidene]-1-hydrazine-carboxylate (16k).
Compound 1 (1.5 g, 5.7 mmol) and ethyl carbazate (0.59 g, 5.7 mmol) were dissolved in dry THF (50 mL) and heated under reflux for 6 h. After concentration of the reaction mixture, the crude residue was dissolved in DCM and washed with 10% aqueous Na 2 CO 3 . The organic layer was dried (Na 2 SO 4 ), filtered and evaporated to yield 1.40g (99%) of compound 16k as a white solid; mp 163−164°C (decomp. General procedure for the preparation of 5-aryl-1,3,4-oxadiazol-5-amines 17a-j Di(benzotriazolyl)methanimine (1.00 g, 3.8 mmol) and the appropriate arylhydrazide (3.8 mmol) were dissolved in dry THF (40 mL) and heated under reflux for 3−6 h. The precipitate formed after cooling of the reaction mixture to rt was filtered off, washed with cold THF and recrystallized from EtOH or THF (compound 17j) to give the respective 5-aryl-1,3,4-oxadiazol-5-amine 17a-j. Data for compound 17a see. 
1-(4-Methylphenyl)-5-((4-methylphenyl)diazenyl)-3-(1H-benzotriazol-1-yl)-1,2,4-1H-triazole (15c). Orange microcrystals (84%)
,
X-ray crystallography
Data were collected with a Siemens SMART CCD area detector, using graphite monochromatized MoKα radiation (λ = 0.71073 Å). The structures were solved by direct methods using SHELXS 15 and refined on F 2 , using all data, by full-matrix least-squares procedures using SHELXL. 16 
